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Abstract
Background: Measles is a highly contagious infectious disease with a significant public health impact especially
among displaced populations due to their characteristic mass population displacement, high population density in
camps and low measles vaccination coverage among children. While the fatality rate in stable populations is
generally around 2%, evidence shows that it is usually high among populations displaced by disasters. In recent
years, refugees and internally displaced persons have been increasing. Our study aims to define the
epidemiological characteristics and risk factors associated with measles outbreaks in displaced populations.
Methods: We reviewed literature in the PubMed database, and selected articles for our analysis that quantitatively
described measles outbreaks.
Results: A total of nine articles describing 11 measles outbreak studies were selected. The outbreaks occurred
between 1979 and 2005 in Asia and Africa, mostly during post-conflict situations. Seven of eight outbreaks were
associated with poor vaccination status (vaccination coverage; 17-57%), while one was predominantly due to one-
dose vaccine coverage. The age of cases ranged from 1 month to 39 years. Children aged 6 months to 5 years
were the most common target group for vaccination; however, 1622 cases (51.0% of the total cases) were older
than 5 years of age. Higher case-fatality rates (>5%) were reported for five outbreaks. Consistent factors associated
with measles transmission, morbidity and mortality were vaccination status, living conditions, movements of
refugees, nutritional status and effectiveness of control measures including vaccination campaigns, surveillance and
security situations in affected zones. No fatalities were reported in two outbreaks during which a combination of
active and passive surveillance was employed.
Conclusion: Measles patterns have varied over time among populations displaced by natural and man-made
disasters. Appropriate risk assessment and surveillance strategies are essential approaches for reducing morbidity
and mortality due to measles. Learning from past experiences of measles outbreaks in displaced populations is
important for designing future strategies for measles control in such situations.
Background
Measles is an acute viral disease caused by a paramyxo-
virus of the genus Morbillivirus. Symptoms include
fever, cough, runny nose, red eyes and a generalized
maculopapular erythematous rash. It is spread by
respiratory system contact with fluids from an infected
person’s nose and mouth by either droplet (coughing or
sneezing) or aerosol transmission. Although a vaccine
has been available since 1959 [1], measles remains an
important cause of morbidity and mortality in children,
particularly in developing countries where more than
95% of measles-associated deaths occur [2-4]. Measles
vaccination efforts have achieved major public health
gains, resulting in a 74% decline in measles deaths
worldwide between 2000 and 2007 from an estimated
750, 000 to 197, 000, with a decline of about 90% in
the eastern Mediterranean and sub-Saharan African
regions [5].
Measles is an important public health concern during
disasters involving massive population displacements
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O r g a n i z a t i o n( W H O )r e c o g n i z e sr e f u g e e sa so n eo ft h e
high-risk groups for measles outbreaks. Several out-
breaks have been reported among refugees and other
emergency settings [7-9] due to their characteristic mas-
sive population displacements, overcrowding, high popu-
lation densities and low vaccination coverage [10,11].
Overcrowding is associated with the transmission of
higher infectious doses of measles virus, resulting in
more severe cases of clinical disease [12], which makes
m e a s l e sm o r eo f t e nt h el e a ding cause of mortality
among children in refugee populations.
Emergency relief operations are often conducted dur-
ing situations of widespread famine and massive popula-
tion displacements in overcrowded settings, where
serious problems of acute and chronic undernutrition
prevail, particularly among children younger than
5 years of age [13]. Under such circumstances, immuni-
zation programmes have sometimes been implemented
late, slowly or not at all. Thus, preventable outbreaks of
measles have commonly occurred in refugee camps.
Health or nutritional status is usually assessed in three
ways: by measuring growth and body composition
(anthropometric indicators); by analyses of biochemical
contents of blood and urine (biochemical indicators)
and by clinical examinations for external physical signs
of nutrient deficiencies (clinical indicators). The anthro-
pometric measurements are common easy ways to
assess health and nutrition status including variables
such as age, weight, height and gender to calculate three
indices, namely, weight for age, height for age and
weight for height. For decision making in refugee set-
tings, weight for height surveys or screenings are the
most efficient strategies for nutritional data collection
[14]. The National Center for Health Statistic (NCHS)
population has been the reference most commonly used
in national programs for individual growth monitoring
and generating population-based estimates of child mal-
nutrition [15] and in emergency settings to determine
admission to and discharge from feeding programs [16].
This standard reference malnutrition status for cases of
less than 80% weight for height.
Despite measles control strategies in refugee settings
[17,18], case-fatality rates (CFR) as high as 34% have
been reported. In contrast, measles fatality rates in
stable populations are around 2% [19,20]. Among refu-
gees and internally displaced populations, WHO and
United Nations Children’s Fund (UNICEF) recommend
vaccinating children aged 6 months to 14 years, with
coverage exceeding 95%. However, specific target age
groups during such campaigns should be determined
based on the local epidemiology of the disease [17].
They also recommend that improvements in case man-
agement and surveillance should be made to reduce
morbidity and mortality associated with this disease.
Vaccinating children to prevent measles is considered a
cost effective priority in displaced populations living in
camps [11,21].
Natural disasters as well as complex emergencies can
lead to the displacement ofal a r g en u m b e ro fp e o p l e
either within the same country (internally displaced per-
sons; IDP’s) or into another country (refugees). Complex
emergencies are situations in which mortality among the
civilian population substantially increases above the
population baseline, either as a direct result of war or
indirectly through increased prevalence of malnutrition
and/or transmission of communicable diseases, particu-
larly if the latter results from deliberate political and
military policies and strategies. This definition does not
include natural disasters that are usually short term cat-
astrophic events of atmospheric, geologic and hydrologic
origins, which necessitate a qualitatively different
response.
According to the United Nations High Commissioner
for Refugees (UNHCR), the number of refugees and
IDP’s has increased to 15.2 million and 26 million,
respectively, at the end of 2008 due to various reasons
such as natural disasters and internal conflicts [22]. In
such settings, health systems often collapse or become
non-functional. In addition, overcrowding, high popula-
tion density in rudimentary shelters or camps, inade-
quate safe water and sanitation and poor vaccination
status among refugees increase the risk of infectious dis-
ease spread [23] and result in higher morbidity and
mortality, especially among children.
Surveillance is the ongoing systematic collection, ana-
lysis and interpretation of health data essential for plan-
ning, implementation and evaluation of health practices.
It is closely integrated with the timely dissemination of
these data to those who need them. Surveillance can be
passive or active.
Passive surveillance is health facility-based surveillance
that is normally established in each camp. Active sur-
veillance is house-to-house case findings that can be
conducted among refugee families, by involving commu-
nity leaders and health workers. It increases the poten-
tial to detect cases during an early phase for timely
intervention. Both surveillance types can be combined,
but this increases the demand for additional human
resources and equipment. Applying surveillance data to
disease prevention and control requires a functional
capacity for data collection, analysis and dissemination
with a link to the public health program [24]. The
objective of surveillance is to provide information on a
regular basis for use in decision making.
In the context of displaced populations, three main
reasons highlight the need for implementing an appro-
priate surveillance system as an extension of the initial
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include the extreme vulnerability to epidemics, malnu-
trition or other acute health problems; the sudden
changes that can occur during an emergency phase
within the population itself (size and composition) as
well as the health conditions (health background) and
the need to have quantitative data as base information
on refugee situations for communicating to other part-
ners, and possibly, to the media and/or donors.
The high morbidity and mortality due to measles in
displaced populations will be significantly reduced if an
appropriate surveillance system and control measures
are implemented in a timely and coordinated manner.
Based on epidemiological analysis, appropriate public
health measures were only introduced to disaster and
complex emergencies in the late 1970s [25,26]. Since
then, studies and guidelines on measles control in such
settings have been well documented [6,26-29]. However,
there are only a few published studies reporting com-
plete epidemiological investigations on outbreaks asso-
ciated with the disease during disasters and among
displaced populations. In this study, we review the epi-
demiology of measles in disaster and refugee situations
over 26 years. In addition, we describe some important
aspects of measles control to be considered by public
health and humanitarian workers.
Methods
We conducted a review of published articles on measles
outbreaks in population displaced by disasters and sum-
marized the potential risk factors involved in the trans-
mission, morbidity and mortality of measles in these
settings. Literature searches were conducted using the
PubMed database, and were limited to articles written
in English. Searches were conducted from October 2007
to March 2008 using various combinations of the fol-
lowing search terms: (Natural disaster OR armed con-
flict OR complex emergencies OR refugees OR IDP’s)
AND (measles OR epidemiology OR outbreak OR sur-
veillance). We used all the 146 articles that we were
initially aware of to describe measles outbreaks in popu-
lation displaced by disasters. A team of two individuals
(IKK and TK) independently screened the titles and
abstracts of each citation and identified all citations for
full review when there was any possibility that the study
contained any description of measles outbreak in popu-
lation displaced by disasters we were interested in. This
screening process yielded 55 full text original publica-
tions identified by one or both (IKK and TK) (Figure 1).
We masked the results of all publication selected for full
review by obscuring them with a black marker from the
tables and text. The third author (OH), an expert in the
field, evaluated independently each masked article to
determine eligibility. Our agreement on studies
evaluated within the team was good and all disagree-
ments were solved by consensus which required indivi-
duals to discuss the reasoning for their decisions. We
included original articles that described measles out-
breaks in population displaced by disasters, with quanti-
tative data. We excluded measles outbreaks studies that
were not associated with disasters situations and those
without quantitative data. Finally, nine articles matching
these requirements were used for analysis (Table 1). If
an article reported two separate situations analysis
matching our criteria, we included their results from the
analysis with the most appropriate adjustment. If an
article reported two measles situation analysis in disaster
and non disaster settings, the one that is described in
disaster settings was included in our study. The measles
outbreaks not following disaster situation was excluded
as a potential confounder. Therefore we agreed to inves-
tigate the measles outbreaks situation analysis described
in post-disaster situations. We assessed the following
characteristics generated in an established questionnaire
with a personal coding system. The following informa-
tions were collected: (1) nature and impact of the disas-
ter on the displaced populations, including the type and
year of the disaster, demographic characteristics of the
displaced populations, their country of origin and asy-
lum; (2) surveillance for measles, including the presence
and type of surveillance, and documentation on labora-
tory investigation; (3) epidemiological characteristics of
measles outbreak, including the number, gender and age
range of cases, the attack rate (AR), the number of
deaths with case-fatality rate and (4) characteristics of
measles vaccination, including the vaccination status
before entering camps, the target population for vacci-
nation campaigns and the vaccination coverage for the
campaigns. Before carrying out the analysis we, we spe-
cified several hypotheses to test potential explanations
for variability (I.e heterogeneity) among the studies. We
listed-up all the potential risk factor for measles morbid-
ity and mortality from each selected articles and num-
bered them. We pooled them randomly and categorized
them with their reference source. The data generated
from the questionnaire were recorded using Microsoft
Excel 2000 (Microsoft, USA) and analyzed with Epi-Info
version 6 (Centers for Disease Control and Prevention,
USA) software.
Results
Literature Review and Data Screening
Although 146 articles were retrieved using the selected
keywords, only 55 (37.7%) actually reported on measles
outbreaks in displaced populations (Figure 1). After
further review, only nine articles containing consistent
quantitative data were selected. Among these nine arti-
cles, two described measles outbreaks following disasters
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we focused our analysis on 11 measles outbreaks that
occurred from 1979 to 2005 (Table 2).
Demographic Characteristics of the Populations
The outbreaks reviewed were reported from Africa and
Asia, mostly in post-conflict settings. In the overall dis-
placed populations, the number of IDP’s (1,565,862) was
more than twice the number of refugees (509,751). The
characteristics of the populations at risk (denominators)
to measles among investigations were variable. The
smallest populations were Cambodian refugees at a
camp hospital in Thailand (924) and Vietnamese refugee
children at a camp hospital in Hong Kong (1026). The
largest populations comprised Mozambican refugees in
Tanzanian camps (170,500) followed by Ethiopian refu-
gees in Wad Kowli camps (85,000). The observation
period was also variable among the studies, with the
shortest period of 10 days (Ethiopian refugees in Wad
Kowli camps in Sudan) and the longest observation per-
iod of 14 months (Burundian refugees in Tanzanian
camps). Malnutrition, (weight for height < 80% of the
NCHS reference median) was described in eight of the
11 outbreaks reviewed. The malnutrition rate reviewed
was important among Ethiopian refugees in Sudan, with
the toll reaching 52% of which 20% were severe.
Figure 1 Process flow for the review of the literature.
Table 1 List of the 9 selected articles and dates of publication
Nb Titles of selected articles Year of
Publication
1 Cambodian disaster relief: refugee camp medical care[37] 1982
2 Epidemiological assessment of health and nutrition of Ethiopian refugees in emergency camps in Sudan 1985[20] 1987
3 Measles outbreaks in the Mozambican refugee camps in Malawi: the continued need for an effective vaccine[7] 1990
4 Measles in Vietnamese refugee children in Hong Kong [8] 1999
5 An outbreak of measles in Tanzanian refugee camps [11] 2003
6 Measles mortality among Afghan refugees’ children [4] 2002
7 Retrospective measles outbreak investigation: Sudan, 2004[56] 2006
8 Emergency measles control activities-Darfur, Sudan, 2004[47] 2004
9 Measles transmission following the tsunami in a population with high one-dose vaccination coverage,
Tamil Nadu, India[3]
2006
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A surveillance approach to detect and report measles cases
was described in eight of the 11 outbreaks (Table 2). Pas-
sive surveillance alone was most frequently described (four
outbreaks), while active case findings alone were imple-
mented during two outbreaks. A combined approach of
passive and active surveillance was described during two
outbreaks (tsunami victims in India and Burundian refu-
gees in Tanzanian camps). The case definition of measles
was mentioned in six of the 11 outbreaks. All of these fol-
lowed the WHO case definition, which is the occurrence
of generalized rash and high-grade fever (38°C or higher)
and any of the following: cough, coryza (inflammation of
mucous membranes lining the nasal cavity) or conjunctivi-
tis. Laboratory tests to confirm measles were performed
during seven outbreaks, but none mentioned the quality of
laboratory surveillance.
Measles Morbidity
The total number of cases varied from 71 (tsunami vic-
tims in India) to 2639 (Ethiopian refugees in Sudan) per
outbreak (mean = 625; median = 521). The attack rate
(AR) was defined as the number of measles cases per
population at risk in each setting. The population at risk
included different subsets of the total population. There-
fore, the AR could not be compared between outbreaks
due to differences in population subsets.
Vietnamese refugees admitted to a camp hospital in
Hong Kong had the highest AR of 25.5%, followed by
Cambodian children (AR = 17.4%) admitted to hospital
Ward 9 in the Thailand camp (Table 2). However, in
these studies, only a small subset of the population (i.e.
children in camp hospitals) was used as the population
at risk. Among the studies that included the total camp
population as the population at risk, the highest AR was
Table 2 Documented 11 studies reviews (from the 9 selected articles) on disasters and measles outbreaks in displaced
populations, 1979–2005
Countries, type of
displaced population/
Reference
Type of
disaster/
Year
Total displaced
populations
Documentation
surveillance
approach
AR (Case/
Pop. at
Risk)
CFR
(Death/
Cases)
Documentation on
laboratory
confirmation
Documentation
on malnutrition
Cambodian refugees in
Thailand[37]
Conflict
1979–1980
Average: 53666
(Pop. in camp)
Not described (161/924)
17.4%
(10/161)
6.2%
No Yes
Ethiopian refugees in Wad
Kowli (Sudan) [20]
Conflict +
Famine
1985
85000
(Pop. in camp)
Not described (2639/
85000)
3.1%
(855/
2639)
32.4%
Not described Yes
Mozambican refugees in
Malawi [7]
Conflict
1988–1989
78568
(Pop. in camp)
Passive surveillance (744/
78568)
0.95%
(103/744)
13.8%
Not described No
Vietnamese refugees in
Hong Kong [8]
Conflict
1991–1992
7017
(Pop. in camp)
Passive surveillance (262/1026)
25.5%
(2/262)
0.76%
Not described Yes
Burundian refugees in
Tanzania [11]
Conflict
2000–2001
170500
(pop. in camp)
Passive surveillance
+ Active case
findings
(1062/
170500)
0.62%
(0/1062)
0.0%
Yes No
Turkmen + Uzbek
refugees in Afghanistan
[4]
Conflict
2000–2001
115000
(Pop. in camp)
Not described (80/22000)
0.36%
(12/80)
15.0%
Yes Yes
IDP’s in White Nile state
(Sudan) [56]
Conflict
2003–2004
91000
(Total Pop. of
administrative
unit)
Active case findings (621/
91000)
0.68%
(8/621)
1.3%
Yes Yes
IDP’s in Khartoum (Sudan)
[56]
Conflict
2003–2004
75000
(Pop. in
administrative
unit)
Active case findings (523/
75000)
0.69%
(2/523)
0.4%
Yes Yes
IPD’s in North Darfur
(Sudan) [47]
Conflict
2004
657774
(Pop. in targeted
zone)
Passive surveillance (521/
512058)
0.10%
(88/521)
16.9%
Yes Yes
IDP’s in West Darfur
(Sudan) [47]
Conflict
2004
688984
(Pop. in targeted
zone)
Passive surveillance (204/
461619)
0.04%
(20/204)
9.8%
Yes Yes
IDP’s in Tamil Nadu (India)
[3]
Tsunami
2004–2005
53104
(Total Pop. in
the affected
villages)
Passive surveillance
+ Active case
findings
(71/53104)
0.13%
(0/71)
0.0%
Yes No
IDP’s = internally displaced persons AR = attack rate CFR = case-fatality rate
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(AR = 3.10%). The average male to female ratio was
1.08. Specifically, higher male to female ratios were
noted among Cambodian refugees in camp hospitals
(ratio = 1.30) and Vietnamese refugee children (ratio =
1.45). The overall age range of the cases was 1 month to
39 years. The most affected age group was children aged
5-15 years in five of the eight outbreaks investigated
(Table 3).
Measles Mortality
The number of deaths also varied from 0 to 855 (mean =
100; median = 10). The highest CFR were reported
among Ethiopian refugees in Wad Kowli camps in
1985 (32.4%), followed by IDP’s in inaccessible areas in
North Darfur in 2004 (16.9%; Table 2). As a general
observation, passive surveillance alone was associated
with higher case fatality, acti v es u r v e i l l a n c ea l o n ew i t h
low fatality and no fatalities were reported for the tsu-
nami victims in India and the Burundian refugees in
Tanzanian camps, where combined passive and active
surveillance were implemented. The CFR prior to 2000
was higher (mean = 13.1; median = 10) compared to
that after 2000 (mean = 6.2; median = 1.3). Informa-
tion regarding vaccination status was reported for eight
outbreaks and most of them were in context where a
one-dose strategy for measles was implemented. Out of
eight outbreaks seven occurred in poorly vaccinated
populations prior to arrival in camps (vaccination cov-
erage: 17-57%). Only the measles outbreak among the
tsunami victims occurred despite a prior coverage of
95% (Table 3). The target age group for vaccination
campaigns was described in 10 of the 11 outbreaks.
Children aged 6 months to 5 years were the most
common target group for vaccination, but a total of
1622/3182 (51%) measles cases were older (>5 years
old). Only 9.44% (95/1006) were younger than the tar-
get age for vaccination (Table 3).
Summary of Contributing Factors for Measles Morbidity
and Mortality
Table 4 summarizes the potential risk factors for
measles transmission, mortality and morbidity that we
identified from the reviewed articles. In general, the
Table 3 Measles cases not belonging to the target populations during respective vaccination campaigns from
available data
Most affected age groups
Countries, type of
displaced population/
Reference
Vaccination
status
<5 years
old
5–15
years old
15–39
years
old
Population target
age for vaccination
Younger than
population target
age
Older than
population target
age
Cambodian refugees in
Thailand[37]
- 130/161
(81%)
31/161
(19%)
0 <5 years old children - 31/161 (19%)
Ethiopian refugees in Wad
Kowli (Sudan) [20]
- 1232/
2759
(46.7%)
1407/
2639
(53.2%)
120/2759
(4.45%)
6 months–5 years old - -
Mozambican refugees in
Malawi [7]
17% 426/744
(57.3%)
318/744
(42.7%)
0 6 months–5 years old 85/744 (11.4%) 318/744 (42.7%)
Vietnamese refugees in Hong
Kong [8]
Described to
be low
262/262
(100%).
0% 0% 6 months–12 years
old
10/262 (3.8%) -
Burundian refugees in
Tanzania [11]
Described to
be low
511/1062
(48%)
551/1062
(52%)
0 6 months–5 years old - 551/1062 (52%)
Turkmen + Uzbek refugees in
Afghanistan [4]
-- - - - - -
IDP’s in White Nile state
(Sudan) [56]
46% 285/621
(45.9%)
307/621
(49.4%)
29/621
(4.67%)
<5 years old - 336/621 (54%)
IDP’s in Khartoum (Sudan)
[56]
52% 163/523
(31.2%)
298/523
(57%)
62/523
(18.9%)
<5 years old - 360/523 (68.8%)
IPD’s in North Darfur (Sudan)
[47]
46% - - - 9 months–15 years
old
--
IDP’s in West Darfur (Sudan)
[47]
57% - - - 9 months–15 years
old
--
IDP’s in Tamil Nadu (India) [3] 95% 31/71
(43.7%)
40/71
(56%)
0% 6 months–5 years old - 26/71 (36.2%)
Total 3040/
6203
(49.0%)
2952/
6203
(47.6%)
211/6302
(3.4%)
95/1006 (9.4%) 1622/3182 (51.0%)
IDP’s = internally displaced persons
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related to vaccination status, living conditions, move-
ments of refugees, nutritional status and effectiveness of
control measures including vaccination campaigns, sur-
veillance and security situations in the affected zones.
Discussion
Geographical Characteristics of Disasters and Measles
Measles outbreaks had occurred among populations dis-
placed by disasters in Africa and Asia where low routine
vaccination coverage, even for the general population,
had been reported [30]. Almost all measles outbreaks
(10/11; 91.0%) analyzed in the present study occurred in
post-conflict situations with a collapse of the health sys-
tem and disruption of the immunization program.
Therefore, no prior measles vaccination campaign was
documented for any of the outbreaks following conflict
situations in our study. According to the WHO and
UNICEF, during the 1990s, at least seven of the 15
countries that reported low vaccination coverage of
<50% were affected by internal conflicts. They also
described large outbreaks of measles, primarily in coun-
tries affected by internal conflicts [6]. Importation of the
measles virus from refugee camps in Africa (Kenya) into
developed countries due to the movement of refugees
was also described [31]. Previous publications indicated
that 2/3 of the total deaths in post-conflict situations
were attributable to communicable diseases [26,32].
Risk Factors and Characteristics of Patients
Disasters contribute to increased population displace-
ments and densities in camps [33], creating new condi-
tions for the spread of infectious diseases [34-36]. The
highest incidence rate of 25.5% was described for Viet-
namese children in Hong Kong camps where housing
was cramped, consisting of large huts that housed
approximately 250 refugees on three tier bunk beds
[37]. The affected age group from 1 month to 39 years
was described in our study and those aged from 5 to 15
years were the most affected in five of the eight investi-
gations. Previous studies have also reported similar age
patterns for measles in older age groups [38,39]. Infec-
tion in an older age group may have been due to the
absence of exposure and/or the failure of previous
measles vaccination campaigns. Measles infection in a
younger group (<6 months) in our study was probably
due to low maternal antibody levels, as described in the
published literature [40-43].
High CFR of >5% were described in six of the nine
outbreaks reviewed. These were significantly higher than
that of 2% in stable populations [44]. The highest fatality
rate of 32.4% was described among Ethiopian refugees in
Sudanese camps where a war conflict occurred in con-
text of widespread famine with malnutrition rates as high
as 32% (with 9-20% severe malnutrition) [20]. Previous
publications have documented an association between
severe malnutrition and high measles case-fatalityrates
Table 4 Review of contributing risk factors for measles Morbidity and Mortality in displaced populations, 1979–2005
Potential risk factors involved Possible solutions
1 Overcrowded and high density camps [4,8,20,37] Improve camp planning and shelter
2 Poor vaccination status due to the continuous arrival of
new refugees in camps [4,7,8,11,47,56]
Vaccination of refugees on arrival in camps
3 Poor vaccination status in the surrounding community
[11]
Coordination of vaccination campaign in camps and in the surrounding community
in collaboration with local public health authorities.
4 Narrow target age group for vaccination campaign
[7,8,11,20,37,47]
Extension of population target to >15 years old
5 Primary vaccination failure due to vaccination in lower
age group [7,8]
Revaccinate at 9 months
6 Lower vaccination coverage in high risk group [11] Increase coverage in high risk age group guided by good quality of surveillance
data
7 One time measles vaccination strategy [3] Routine vaccination plus supplemental vaccination
8 Frequent visit of refugees between camps [3,8] Restriction of refugees movement during outbreak period
9 Frequent movement of refugees in the neighbouring
community and in other camps [3,11]
Restriction measures for visit from surrounding communities during outbreak period
10 Malnutrition and famine [4,8,20,37,47,56] Consideration of vitamin A provision
11 Insecurity and inaccessibility to target zones [56] Re-establish the routine vaccination service after the security situation is normalized.
12 No or limited surveillance system [4,37,47] Improving surveillance approach for early case detection
13 Lack of laboratory confirmation of suspect cases[35] Establishing appropriate laboratory testing
14 Association with other diseases [20,37] Implementation of integrated management of childhood illness (IMCI)
IMCI = integrated management of childhood illness
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vaccination have been recommended in order to mini-
mize mortality [33,46].
In other outbreaks, lack of basic surveillance or an
inappropriate surveillance system compromised early
case detection, and therefore, early response leading to
an increase in mortality due to measles with the obvious
limited access to health care. In northern Sudan, the
inaccessibility of targeted areas for public health inter-
vention, surveillance and vaccination campaigns due to
the ongoing conflict may have indirectly contributed to
the increase of risk factors for morbidity and mortality
[47]. All of the outbreaks referred to in this study were
in context where there were no two-dose vaccination
strategies for measles, normally recommended by the
WHO.
All post-conflict measles outbreaks occurred in condi-
tions characterized by poor or no vaccination of the dis-
placed populations prior to their arrival in the refugee
camps. The only outbreak that occurred among those
with a high coverage of 95% was the outbreak among
the tsunami victims. It was suggested that the single-
dose vaccination strategy may have been responsible for
this outbreak [3,48]. Furthermore, other studies in Sri
Lanka [49], Latin America [50] and Romania [51]
reported similar failures of the single-dose vaccination
strategy.
Several guidelines for measles vaccination in emergen-
cies recommend that the primary targets for measles
vaccination should be children aged 6 months to 5 years
[6,52]. However, in total, 51.0% of the overall cases were
older than the target age group for vaccination (>5
years) and may have remained unvaccinated with the
possibility to sustain transmissibility in camp residents
as well as in the continuous new arrivals of displaced
populations in camps. This highlights the need to
extend the population target according to local measles
epidemiology.
Clinical diagnosis of measles from a number of condi-
tions that present with fever and rash symptoms [7] is
difficult without laboratory confirmation, mostly for
dark-skinned people. Therefore, laboratory testing
should be an essential component of surveillance to
confirm measles infection in order to establish the
appropriate intervention, including vaccination.
Impact of the Surveillance Approach and Early Warning
Response
It is noteworthy that there were no fatalities among the
Burundian refugees in Tanzanian camps and among the
tsunami victims in India. The absence of deaths in these
outbreaks may have been due to the implementation of
active case findings that supplemented the existing
passive surveillance, which may have led to early case
detection and implementation of rapid responses (case
management or vaccination).
Regarding treatment, all children identified with clini-
cal measles in refugee camps should be enrolled in a
feeding program, and their nutritional status should be
carefully monitored. Children with complications should
be given a standard treatment (e.g. oral rehydration
therapy for diarrhoea) and an antibacterial (penicillin or
co-trimoxazol) against possible super-infection manifes-
tations (pneumonia and middle ear infection) [53].
Increased intake of oral fluids and continued feeding
should be routine in all cases of measles [46]. The ideal
situation would be to vaccinate all of the displaced
populations against measles at the time of their arrival
in camps, preferably using the combined Measles-
Mumps-Rubella (MMR) vaccines [54]. Specifically, this
should be implemented in the absence of laboratory
surveillance.
This implies making vaccine equipment, supply and
trained personnel available as soon as the persons at
risk gather in the camps. Furthermore, this should sup-
plement existing passive surveillance with active case
findings in outbreak investigations in order to increase
early case detection and rapid response. The reality in
the field is that these interventions pose logistical and
economical challenges. Therefore, public health officers
in the field have to prioritize interventions due to lim-
ited budgets.
Recently, measles vaccination efforts through the
measles initiative program have reaped major public
health gains, resulting in a 74% decline in measles
deaths between 2000 and 2007 worldwide [55], which is
in line with the fatality rate decline described after the
year 2000 in our study. However, measles remains ende-
mic in certain areas of the world. The responses to
these measles outbreaks have remained generally con-
stant over the time period in our reviewed articles. For
the control of measles in displaced population settings,
our study suggests:
- Vaccination campaign based on the local epidemio-
logical factors
- The initial priority age group of 6 months to 5 years
to be extended to 15 years and older according to bud-
get allocations
- To increase coverage (>95%) in the target age group
with a second opportunity to be given to children
already vaccinated prior to 9 months.
- To prioritize measles vaccine together with vitamin
A supplements for infected, malnourished children
(100000 UI on day 1 and day 2 for children aged 6
months-12 years and 200000 UI on day 1 and day 2 for
those aged >12 years).
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- To promote simultaneous vaccination campaigns
within the refugee population in camps and the sur-
rounding host community population in a common
effort with the local health authorities.
- To improve surveillance by implementing commu-
nity active case detection to supplement passive surveil-
lance for early case detection for rapid response
- To improve case management by providing vitamin
A and appropriate treatments for infectious complica-
tions associated with measles (pneumonia, severe diar-
rhoea, encephalitis and severe malnutrition).
- To monitor measles patients associated with malnu-
trition, and if necessary, to enrol them in a supplemen-
tary feeding program.
Study Limitations
First, there were large variations in the settings with
effects on the denominator populations as well as the
periods of studies, which made it difficult to make com-
parisons between outbreaks. Second, because we
restricted our search only to the PubMed database for
English publications and published articles with quanti-
tative data, there was a possibility of publication bias
and lack of a broad information base given the absence
of articles from the grey literature as well as other data-
bases. With these limitations, our investigation may not
provide a true picture of measles outbreaks in all dis-
placed populations. However, given what we know from
this study and for the purpose of improving measles
control in displaced populations, we call for more
research among displaced populations with subsequent
publication of results.
Conclusion
Measles is a significant public health concern in dis-
placed populations. A number of risk factors may
increase measles transmission, morbidity and mortality
in populations displaced by disasters, including low vac-
cination status and coverage, lack of proper surveillance
and response mechanisms and inadequate vaccination
campaigns. Consideration of local measles epidemiology
is important to establish vaccination priorities, as is the
vaccination of age groups most at risk to confer ade-
quate herd immunity. It is necessary to learn lessons
from past experiences of measles outbreaks in displaced
populations to develop future strategies and budget-
based priority interventions towards measles control in
post-disaster settings.
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